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Introduction
Arthritis of the shoulder results in pain and
disruption to daily activities [1]. Shoulder
arthroplasty involves the use of a prosthetic to
replace a damaged shoulder’s function in cases of
severe arthritis or muscle tears in the area.

The two major bones of the shoulder joint are the
humerus (upper arm bone) and shoulder blade.
The round head of the humerus fits into a cup-like
space in the shoulder blade. In the implant design
investigated by this work, this anatomy is reversed;
the humeral head is replaced with a synthetic cup
and the shoulder blade’s socket with a synthetic
ball (Fig. 1). This surgical treatment is known as
reverse total shoulder arthroplasty, or RTSA [2].

Rtsa prosthetics vary in their design. This
research focuses on a stemless humeral implant
design (Fig. 2), which preserves much more of the
original bone compared to stemmed variants [3].

Results
For an implant to remain fixated in the shoulder in
the long term, the patient’s bone needs to fuse with
the porous surface of the prosthetic in a process
called osseointegration [4]. However, forces applied
to the shoulder cause small movements of the
implant known as micromotion. Excessive
micromotion can prevent osseointegration, leading
to the implant coming loose [5]. As such, new
implant designs must be evaluated for fixation
before they can be implemented in patients.

The objective of this work is to develop and
evaluate an optical measurement system that
detects the amount of micromotion experienced by
different kinds of humeral shoulder implants,
including a novel stemless variant. The system will
make use of footage captured by high-resolution
digital cameras that is analyzed in software to
quantify shoulder implants micromotion in the
laboratory.

The remainder of this poster outlines the testing
methodology, preliminary findings, and future
work.

The ProAnalyst software package (Xcitex) was
selected for analyzing the footage captured by the
camera in order to track micromotion. A
preliminary validation test was performed to
experiment with ProAnalyst and evaluate its
accuracy in measuring distance. A 12-megapixel
smartphone camera was focused on a digital
caliper. The AOS LEDs and a backdrop made from
black canvas were used to create appropriate
lighting. A felt sheet was draped over the LEDs to
diffuse the intense light and reduce glare in the
footage. The setup is shown in Fig. 3.


Fig. 1. Anatomical shoulder implant (left) compared
to a reverse shoulder implant (right) [7].

Fig. 2. Stemmed (left) and stemless (right) RTSA
humeral components.

A high-resolution camera (Basler AG
acA4096-30uc) and lens (Ricoh FL-BC3518-9M)
will be focused on the boundary between the
humeral implant and bone. An arrangement of an
LED light (AOS Technologies AG A-LED W15),
enclosure, and filter will provide appropriate
lighting conditions for the software analysis.


Fig. 5. ProAnalyst validation measurements versus
known digital caliper measurements.

Discussion and Future Work

Fig. 3. Setup for ProAnalyst validation using
footage from 12 megapixel smartphone camera.

Two linear variable differential transformers
(LVDTs), devices used to measure motions and
vibrations, will be installed on the implant to
provide a secondary measurement of micromotion.
The data collected by the LVDTs will be used to
validate the results of digital tracking.

A magnetic stand used to hold dial indicators will
be adapted for use in mounting the camera. The
stand can be positioned freely in 2-D space and
secured to a magnetic surface. The stand also
allows for fine adjustment of the camera in 3-D
space, allowing for the camera to be placed
precisely at a location where it can focus on the
implant–bone boundary.

The data from the second validation test using the
Basler camera and Ricoh lens is currently being
analyzed.

The caliper was adjusted in small increments while
being recorded by the camera. Three trials were
performed. From the resulting footage, distinct,
high-contrast regions on the jaws of the caliper
were chosen in ProAnalyst. The motion of these
features was tracked over time and resulting
measurements were compared to the readout from
the digital caliper. This validation test was repeated
with the Basler camera and Ricoh lens (Fig. 4).

Methods
Recent literature has suggested that the use of
camera tracking to measure stemless shoulder
implant micromotion produces more accurate
results than other methods involving distance
sensors [6]. This work will follow this
recommendation and make use of a camera and
software system to capture micromotion.


The results of the initial ProAnalyst validation test
performed with the 12-megapixel camera are
shown in Fig. 5. The graph shows that there is
considerable agreement between the
measurements outputted from ProAnalyst and the
known distance from the digital caliper readout.


The results of the validation support the choice of
ProAnalyst as an accurate digital tracking software.
Once results from the second validation are
obtained, the work can proceed to testing on loaded
specimens of polyurethane foam outfitted with an
implant.

The research will culminate in evaluating
micromotion in eight cadaveric humerus
specimens with either a stemmed (Wright Medical
Perform™ Humeral System) or stemless (Wright
Medical Perform Nucleus™ Humeral System)
humeral implant installed.
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Fig. 4. Setup for ProAnalyst validation using Basler
camera and Ricoh lens.
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